diabetes mellitus is a major public health concern and a huge economic burden. This disease, characterized by chronic elevation of blood glucose levels, is frequently associated with micro-and macrovascular complications, putting diabetic patients at risk for heart and renal failure, stroke, lower limb amputations, and blindness. 1 In view of the dramatic impact of diabetes on public health, the definition of new methods predicting the manifestation of the disease and the occurrence of its debilitating complications deserves the highest priority. In this issue of Circulation Research, Zampetaki et al report that a group of circulating RNA molecules belonging to the microRNA family is considerably less abundant in the blood of diabetes patients compared to normoglycemic individuals. 2 Interestingly, a reduction in the level of these microRNAs is already detectable years before the appearance of the disease and is correlated with subclinical and manifest peripheral artery disease. These findings suggest that plasma microRNA levels may become valuable tools to assess the probability of diabetes manifestation in high-risk individuals displaying impaired fasting glucose and could assist in predicting the occurrence of micro-and macrovascular complications in diabetic patients.
MicroRNAs are small noncoding RNA molecules discovered in 1993 in Caenorhabditis elegans. Later on, they were identified in many other eukaryotes and it became clear that all mammalian cells contain hundreds of them. 3 Many mi-croRNAs are ubiquitously expressed, but some of them are restricted to a limited number of tissues where they play specific roles. Since their discovery, microRNAs have been the focus of intense investigations and have rapidly turned out to form a complementary RNA-directed regulatory network acting in concert with transcription factors to tune gene expression. In most cases, microRNAs function as translational repressors that exert their action by partially pairing to one or more sequences in the 3Ј untranslated region of target mRNAs. 3 This mode of interaction permits a single mi-croRNA to inhibit the expression of hundreds of different targets. Hence, collectively, these regulatory RNA molecules can potentially directly control the expression of more than one-third of all human genes. 3 Although we are only begin-ning to appreciate the immense potential of microRNAs as controllers of gene networks, there is no doubt that these small RNA molecules play a central role in governing a variety of physiological and pathological processes, including tissue differentiation, cell proliferation, apoptosis, and inflammation. Moreover, there is substantial evidence for an involvement of microRNAs in the development of human diseases, including cancer, cardiovascular disorders, and diabetes mellitus. Indeed, the expression of this class of RNAs is very often deregulated in tumor cells, and the level of a set of them is modified in animal models of cardiac hypertrophy and diabetes. 4 -6 Besides their recognized regulatory function accomplished inside the cells, microRNAs have also recently been detected in extracellular fluids, including blood. 7 In contrast to other RNA molecules that are notoriously prone to degradation by RNases, circulating microRNAs are astonishingly stable in frozen plasma samples. In fact, microRNAs are not simply accumulating in the blood because of cell disruption. They are actively secreted via the exosome pathway or released in small microparticles called apoptotic bodies and circulate inside these membrane-delimited organelles that protect them from degradation. The functional role of microRNAs in extracellular fluids is not yet precisely established. However, microRNAs associated with exosomal or apoptotic bodies can be delivered to neighboring cells, where they are capable to regulate gene expression, raising the intriguing possibility of the involvement of these small RNA molecules in a new cell-to-cell communication mode. 8, 9 Interestingly, the blood microRNA profile has been found to be modified under different pathophysiological conditions. This prompted several groups to assess the predictive value of changes in plasma microRNAs. Indeed, plasma microRNAs are emerging as powerful biomarkers for the diagnosis of cancer, heart failure, and liver injury. 10 -12 Cardiovascular disease causes most of the excess morbidity and mortality of diabetes mellitus and accounts for up to 80% of premature mortality in diabetic patients. 1 Endothelial dysfunction, smooth muscle cell proliferation, and myocardial fibrosis are regarded as important factors in the pathogenesis of diabetic micro-and macroangiopathy. 13 Alterations in the level of a specific set of microRNAs are emerging as major causes of these pathophysiological processes, pointing to a potential role for these small RNA molecules in vascular complications associated with the diabetic condition. 14 -18 In the study reported in this issue of Circulation Research, Zampetaki et al searched for changes in blood microRNA abundance associated with diabetes mellitus. 2 The authors focused on type 2 diabetes, the most common form of the disease accounting for Ϸ90% of all diabetes cases. Type 2 diabetes is often associated with obesity and results from the incapacity of pancreatic ␤ cells to release sufficient insulin to compensate for a diminished insulin sensitivity of target tissues. 19 The authors determined microRNA levels in plasma samples obtained in a large prospective population-based study including more than 800 individuals. 20 Global mi-croRNA profiling in pooled samples from control and diabetic subjects led to the identification of a group of differentially expressed plasma microRNAs. The most relevant differences in plasma microRNAs were confirmed in samples obtained from each individual patient with manifest diabetes and were observed also in blood samples from hyperglycemic Lep Ob mice, a commonly used type 2 diabetes animal model. Except for miR-28-3p, all the other differentially expressed plasma microRNAs were less abundant in diabetic patients. The expression profile of 5 plasma microRNAs, miR-15a, miR28-3p, miR-126, miR-223, and miR-320 formed a unique signature sufficient to correctly distinguish between individuals with prevalent or incident diabetes from healthy controls. Importantly, the expression of several microRNAs including miR-15a, miR-126, and miR-223 was already significantly reduced compared to matched controls years before the manifestation of diabetes, suggesting that the determination of the level of these small RNAs might be a useful predictive tool. Moreover, measurement of the level of miR-126 in the entire cohort revealed that loss of this particular microRNA negatively correlates with subclinical and manifest artery disease and is a good prognostic value for the onset of diabetic vascular complications.
The experiments described above revealed the existence of a particular plasma microRNA pattern enabling the classification of diabetic patients and potentially permitting the identification of individuals at risk for developing the disease and its vascular complications. Besides its potential predictive value, the characteristic microRNA profile found in the samples of diabetic subjects could also furnish precious information about the pathophysiology of the disease. Most circulating microRNAs can be produced by a wide variety of cells, and the amount of these molecules packaged in exosomes or apoptotic particles does not necessarily reflect the total cellular content of the cells of origin. For this reason, the precise source of plasmatic microRNAs is presently unknown. Part of these molecules is probably shed by blood cells and vascular walls, whereas others may be contributed by liver, skeletal muscle, and adipose tissue, all organs whose function is known to be affected in type 2 diabetes. In the latter case, the characteristic loss of microRNAs observed in the plasma of diabetic subjects may reflect functional alterations in insulin target tissues. In contrast to the other microRNAs associated with diabetes, miR-126 is highly enriched in endothelial cells and endothelial apoptotic bodies. 9, 14 Thus, the cells lining the vascular walls are probably the main source of this microRNA in the bloodstream. Consistent with this hypothesis, Zampetaki et al demonstrated that in vitro exposure of endothelial cells to prolonged hyperglycemia selectively reduces the amount of miR-126 released in apoptotic bodies without affecting its cellular concentration. 2 Interestingly, miR-126 regulates angiogenic signaling and plays an important role in vascular integrity, 14, 15 and delivery of this microRNA by apoptotic bodies has been shown to confer protection against diet-induced ath-erosclerosis. 9 Moreover, circulating levels of miR-126 were significantly reduced in patients with coronary artery disease. 21 Taking into consideration all of these findings, it is tempting to speculate that the drastic loss of circulating miR-126 can contribute to the development of micro-and macrovascular complications of type 2 diabetes.
The study by Zampetaki et al unveils the existence of a plasma microRNA signature of diabetes. These findings will now need to be tested in larger collectives of prediabetic and diabetic patients to validate the predictive value of this unique microRNA profile and to assess whether it is influenced by pharmacological treatments. Future studies should also determine whether at least part of the changes in circulating microRNAs are observed in type 1 diabetic subjects. This form of the disease is caused by autoimmune destruction of pancreatic ␤ cells but is also associated with micro-and macrovascular complications. The identification of individuals at risk for developing type 1 diabetes is currently performed by searching for the presence of ␤ cell-directed autoantibodies. Detection of early changes in plasma mi-croRNA levels may contribute to refine this procedure, facilitating the prevention of this autoimmune form of the disease.
The number of studies exploring the prognostic value of plasma microRNAs in different settings is increasing exponentially. We presently do not know whether circulating microRNAs simply reflect pathophysiological alterations in the activity of the releasing organs or fulfill precise functions in the blood. Indeed, changes in the microRNA profile could not only signal the development of the disease but may also contribute to its manifestations. Should this be the case, therapeutic interventions permitting to restore appropriate levels of circulating microRNAs may pave the way for the development of new treatments for diabetes mellitus and its vascular complications. With other recently published studies, the article by Zampetaki et al announces the beginning of a new era in biomedical research in which microRNAs promise to play a central role.
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